
TABLE 32. POLLUTANT CONCENTRATIONS IN OKLAHOMA CITY, 
OKLAHOMA, AND SANTA CLARA COUNTY, CALIFORNIAOkahoma Cty, 



attributed to of grt and roadway materia worn away bystudded snow 
tires. 

The peak month was Apri when the accumuatedsoids woud be removed by 

spring rains. The BOD concentratons did notfolow any expainabe pattern. 

The bacteria fuctuations appear to be basedon cimatic conditions with hgher 

concentrations in the warm summr monthsthat woud aow for onger surviva times. 
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Combined Sewer OverflowsIn 

many cities, especay those wth oder sewer systems, the storm and sanitary 
sewage fow in the same conduts and overfow as a mxture whenthe pipe capacty 
is exceeded during a storm. Samping programs have beendeveoped to 

characterize the quaity of the overfows for the ofabatement programs. The poutant 
vaues are a combination of runoffpoutant concentratons, as described 

in the previous section, and santarysewage poutant concentratons. Ste 
specifc concentratons that resutfrom this mixture are dependent on the quaity 

of the two base flows and theproportona mix. A summary of data fro severa 
studies is shown in Tabe 33and hghghts of each study are given in the foowng 
paragraphs.TABLE 33. POLLUTANT CONCENTRATIONS IN COMBINED SEWER 

OVERFLOWSAverage 
poutant concentraton, Tota Feca BOD COD 

ntrogen 

ntrogen P04-P OPO-P Lead coforms 
Iowa [] 43 7 64 .. ... 43 .86 .3waukee.Wsconsn [5] 32 59 264 4.9 6.3 23 0.86Hew 

York Cty,Ne 
York Creek [6] 306 82 222 48 .. ..... .... 

0 60Sprn 
Creek 347 358 ... 6.6 France [8] 75 

397 279 005 ... 
43 7 

.... 
... .. .Racine,Wscons 9] 55 54 58 .. .. ... 2.78 0.92 

.... 20Rochester.Hew York [0 273 ... 65 ... 2.6 

.. ..... 0.88 04 40Average (notwehted) 370 40 367 3.8 9. 
.95 .00 

0.37 670"9 273-55 09-82 59-222 264-48 2.6-4.9 4.3-6.6 
.23-2.78 

0.86-.3 
0.4-0-60 20-40a. 000 Tota (not included averge). 

Not Incuded 
In averag because of hgh strength of muncpa sewage 

hen compard to the Unted States.Des poutant concentratons shown n Tabe 34 indcate that 
the 

overfows areess concentrated 
than sanitary sewage for a poutants 
except soids [Athough the areas sampled had varyng percentages of combined and separatesewers, the 

poutant 

concentrations 

did not appear to be reated to thevariation.06 



TABLE 34. POLLUTANT CONCENTRATIONS IN COMBINED SEWER OVERFLOS, 
IOWA 



TABLE 35. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, 

MILWAUKEE, WISCONSIN ROAD) [5]Sampng 

perodPoutant concentratons, 
Tota BOD COD 

ntrogen 

ntrogen0,86Premnary 
data967-968 400 3 49 336 .... 

.... 

.....197 435 46 64 
209 .... 6.3 .....973 9 52 42 ... 4.9 .... 0.99974 62 87 74 ... .... .... 
1.47 unaryean 32 09 59 264 4.9 

6.3 .23Range 32-2 58 2-720 4-38 
26- 

40 
1.9-14.3 .0-27.9 0,25-4No. of sampes 
55 42 49 37 0 2 20Frst fush969-970 522 308 86 58 .... 7.6 

2.7Remnder of storm969-970 66 90 49 

6 .... 5.5 

....32-2 58 2-720 4-38 26- 40 1.9-14.3 

.0-27.9 0,25-4.04 
0.06-0.9321a. Sampes reported as 

averaged 

for overfow events.500400300200 1 \15 10 15GATS INCE LST 

OVERFLO20>20Figure 

5. Average polutant concentration 

versuspreceding 



In a second study at Miwaukee's Avenue Project 21] the first-fushphenomenon 

was also noted. Values for suspended soids and BOD durngprogressive 
overfow time intervas are shown in Figure 6, The data shownconsist of average 

concentrations for sampes from 97 storm events.500 -400300ZOO100 

VERAGE 

IOS 

=150 

B00 2 I SSSSETHER BOD0.5 0.1 5 .0IME FROM 

START OF 
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summarzed by drainage basin in Tabe 37. Generay, the soidsconcentratons 
are much hgher than santary sewage whie the aresimar to sewage.TABLE 

36. POLLUTANT 

CONCENTRATIONS IN COMBINED SEEROVERFLOWS. NEW YORK 
CITY. NEW YORK - CREEK [6] concentraton g/ 



Tabe 38 and compared to the sanitary sewage concentrations for the 
samesystem. It is apparent that the sewage is more concentrated than an averageAmercan 

sewage.TABLE 

38. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, 

FRANCE [8]Poutant 

concentratons, 
Stow 1 3Storm 



exhibited as a "frst fush" of heavy concentrated overfow. During the197 
preminary phase, indvidua sampes were taken during the eventsmonitored at 

Site 2. Average vaues were computed for time periods from thestart of overfow 
and potted in Figure 7. The graph shows the tendency forhigh intia 

concentrations.TABLE 39. POLLUTANT 

CONCENTRATIONS IN COMBINED SEWER OVERFLOWS,RACINE. WISCONSIN 
[9]Poutant 

concentratons, 

Ste -Ste -St 2 -S1 Ste 





TABLE 40. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, ROCHESTER, NEW YORK 



500003QO200101 

SUSPENED 

SOLIDS 0.5.01.5>1.5TIME 

FROM STAT OF 

OVERFLO Figure 8. 

Overfow 

quaty 

versus 
tmeat Rochester, New 

York 
[20TABLE 4. COMPARISON OF TYPICAL VALUES 

FOR eves [9]Combnedsewer 

overfowsewage 



TABLE 42. METAL CONCENTRATIONS IN AND OVERFLOSPoutant 

concentratons, 

SteCadmum Chroum Copper 

21nc Iron Lead a9aese MgnesumNew YorkCty, ewYork [24]Durha,North 

Carona[2]0.025Rochester, 

New 

(2 stes)[20] 
0.002Drnkng 

HaterStanards[6] 

0.010.6 0.46 0.5 
.60.23 0.5 

0.5 0.36 2. 
0.46 

0.670.0065 

0.086 

0.03 0.24 .66 

0.400.05 .05.0 0.3 0.05 0.05a. 

Maxmum 
concentratons.TABLE 43. 

PESTICIDE 

AND HERBICIDE 

CONCENTRATIONSIN 
RUNOFF AND OVERFLOWSParts 

per Tri ionPestcde andherbcde Mthy Pa rath 1 
onOUTDDE2.4-2,4,97Ste <<41658<<1 

sconsn973st 



TABLE 44. MICROORGANISMS IN AND OVERFLOS Tota Feca Foca 

coform col 
fors streptococci Batmore,ryand [6]Combned 

seweroverfow205900000002423000000070 000260 00050 00072 0003838 005 



An anaysis of quaty based on and use was deveoped n an report [29The bass of 
the anayss was tabuation of BOD concentration in stormdischarges for 

residentia areas from severa cities. The remanngparameters and and 

use cassifications were deveoped as ratios of thsdischarged BOD, usng 
data 

acquired from the street surface samping projectsmentioned previousy. The 
methodoogy was originay deveoped to projectannua oads. The factors were 

converted to concentrations in another EPAreport by assuming coefficients 

for each landuse area [30 The residentia data must aso be modified by a 
popuationfactor P(PD) which is function of popuation density.p(PD 0.42 

0.34 units) (5-3a)p(PD 0.42 0.28 (PD (U.S. customary 

units) (5-3b)where PD, deveoped area popuation 

density, 
peope/ha (peope/acre)The factor equa to one at 

density 

of 3 peope per hectare. Theconcentrations and runoff coefficients 

are 
presented as a function of land usein Table 45.TABLE 45. POLLUTANT 

CONCENTRATIONS AS A FUNCTION OF LAND USEPoutant concentratons, Total Runoff 

BOD 4 
ntrogen 

coeffcentUrban Resdentia 240 40 2 0.6 .9 0.3Commerca 40 

90 20 0.6 .9 0.7Industra 215 
105 

9 0.7 2.0 0.6Other developed areas 17 16 0.02 0.4 

0.Combined 
sewer 

overfosResidenta 990 570 50 0.67 
8.0 0.3Commercia 580 360 85 0.64 
7.7 0.7Industra 880 430 35 0.66 

8.4 0.6Other deveoped areas 70 70 0.08 
.6 

0.0.54a. Modify 
resdential 

vaues by factor p(PD) 042 0.34 people/ha. Because of the 
methodoogy used to deveop this table, 

the values for combnedsewage overfows are 

very questionabe. The BOD vaues in combined sewage areprincipaly attributed 
to the sanitary 

sewage 
and the ratios of BOD to otherpoutants are much different in sanitary 

sewage as compared to street soids.The solids vaues estimated for combined 
sewage 

are high and the nutrientvaues are ow. Satisfactory vaues for combined 
sewage have not yet beendeveoped. Data coud be deveoped at a specifc site by 

combining the urbanrunoff concentrations in Tabe 45 with oca estimates of the 
concentrations8 



found in domestic or industria sewage. The resut woud have to be voumeweghted 
for the amounts of sewage and expected at the overfow,Precipitaton 

and Runoff Character main goal of 
normaization 

of quaity data as a function of precpitationor runoff s to make the 
oaings correate to shorter time periods and stormevents. Precipitation data are 

generaly avaiable n sufficient historicalquantity to permit the estimation 

of probabty of occurrence of rainfavoume, duration, intensity, and ntervas. 
Severa methodoogies are asoavaiabe for estimating runoff characteristics 

based on preciptation. Athat is required to estmate poutant oadings s to 

correate runoffpolution concentrations to the runoff characteristics.The 
work at Durham, North Caroina, was discussed prevousy 

and the equatonsdeveoped there were presented n Tabe 27 [2 The concentration 

ofpoutants was deveoped as a function of runoff rate and tme from the 
startof the storm n the form:concentraton of runof (5-4)This equation wi 

predict the poutant 

concentrations 
at any time during arunoff event 

and 

can be integrated to get mass oading for an event. Sampesfrom Durham 
indicated 

a very high soids content in the runoff and thisprobably means eroson 
problems in the natura drainage channes. Rate ofrunoff may not be an 

important parameter for areas with bured storm sewers orined channeRegresson 
anaysis of poutant concentrations as functions of precipitatonwas also attempted 

at Rochester, 

New York, and Okahoma. The equationsare presented n Tabe 46. Rochester has 
combined sewers and Tusa hasseparate storm channes.The reaton between runoff 
characterstcs and polutant concentrations wereshown in graphs deveoped 

for Iowa [1] and 

reproduced 
as Figure9. The pots show the mass of poutant from a unit area as a 

function ofrunoff. The vaues were based on composite sampes for storm events 
and arevaid ony tor compete events. In these graphs a straight linear 

curve 
woudndicate a constant vaue for concentraton regardess of the runoff 

voume.Most of the curves are sighty concave indicating a smal decrease ncomposite 
concentration as the tota voume of runoff ncreases.This same reation was 

deveoped by regression anayss for France,during a study of the effects 
of on Creteils Lake [31 Theequatons reate BOD and suspended 

soids 
mass oading to the voume of runoffper event The origina equations were:og 

1.298 og (V) .208 units) (5-5a)og (SS) .298 og () - 2.85 U.S. 
customary unts) (5-5b)19 



og 0.545 og og units) (5-6a)og (BOD.) 0.545 
og 

(V) og .62 (U.S. customary units) (5-6b)og 082 og 0.398 (SI 

units) (5-7a)og (BOD 0.82 og (V) 2.25 (U.S. 
customary 

units) (5-7b)where mass oading, kg (b)BOD mass oading 

due 
to kg (1b) mass oading dueto 

erosion, kg voume, (f)T time since 
last rain, The equations can be factored for 

the 45.4 hectare basin 
and 

reduced to thefors: 9QSS 

76.2 R (SI units) (5-8a) QSS 228 (U.S. customary units) (5-8b)BOD 1.3 
R° T 

7.48 
R° units) (5-9a)BOD 2.6 R° T x 

.48 
° (U.S. customary units) (5-9b)where SS and 

BOD mass oadings, kg/ha runoff, cm (in.)T time 

since 
ast rain, dA 

comparison 
of the 

and data is made in Table 

47. Thehigher vaues at Creteil may be due to the 
much higher popuation 

density of220 peope/ha 
(89 

peope/acre) as compared to approximatey 25 peope/ha (0peope/acre) in 
Des Moines. the most signficant quaity normazaton criterion other than thetype 

of system is reated to the time of sampng with respect to the start ofthe 

event and the intera beteen 

events. 
hether the primary cause is firstfush or the decnng avaiabiity of source 

contaminants, overfow or runoffquaity tends to improve in the atter stages 
of storm and in the atterstorms of a storm series. Nora comparisons of data 

from severa citieswith respect to time are summarized in Table 48. This 
quaity-timereationship is particuary significant in optimizing storage-treatmentoperatons 

where bypasses or mutieve treatment must be considered.SummaryMuch 
more work is needed to deveop valid normaizaton techniques that 

wisimpify the anaysis of problems. The present detaied techniqueshave 
not been caibrated at enough sites to test their appicability.20 



TABLE 46. POLLUTANT CONCENTRATIONS AS A FUNCTION 
OFPRECIPITATION 

CHARACTERISTICSEquatonCorreatonRochester 

[20]COD 

- 50.7 ° X TSS" 59.62 °where COD and TSS 

are n X, days snce ast ranX duraton 

of Intensty of ranfa, 
In./h1 [1]In BOD) ?.753 

0036( - - 0.3674() 0.274In 

(COD) 4.5757 - 0.0246( - 0.200 - 
0.0900( 

0.25In 
(TSS) 

5.7304 - 0144( 0.0572(2 0.3004( 0.03here BOD, COD, TSS 
are n 2, snce start, h ntecdnt n. 7. amount of 

in.n./h 2.54 TABLE 47. COMPARISON OF POLLUTANT 
LOADINGASSUMPTIONS 

AT IOWA, AND FRANCEPoltant. 
————————————n. 

omes 0. 0.75 2.40.2 3.70.3 

. 4.6SS 0. 8 0.2 9 290.3 21 18a. sume 

5 daysn. 2.54 cmb/acre .2 ° kg/ha2 





TABLE 48. TIME WEIGHTED NORMALIATIONOF 
BOD AND SUSPENDED 

SOLIDSSuspended 

sods BOD00.5 

0.5 -2 >2 0-0.5 0.5- h -2 >2 Combned sewer 

overfosDstrct ofColumba 
[3, 33, 34 

.9 0.88 .0 .73 0.47 0.30waukee,sconsn [2] .0 0.78 0.55 0.55 

.0 0.90 
0.6 0.38Racne,isconsn 0.78 0.7 0.3 .0 0.67 0.60 

0.38 
York 

[20] .0 0.78 0.67 0.44 1.0 0.66 0.43 0.34San 

Francsco,Caforna 
[22] .0 0.77 0.80 0.44 .0 0.56 0.4 0.27Storm 

sewer 
outfalsDstrct 
of [32, 33. 3 1.0 0 59 0.48 0.2 ,0 0.93 .23 

0.46Racne,sconsn [9] .0 

0.60 0.26 
.43" 1.0 0.69 0.66 .82Durham, Carona [2] .0 0.92 0.73 0.57 ,0 

0,36 0.39 0.20San Francsco,Caforna [22 .0 0.3 0.37 0.5 ,0 0,30 

0.4 0.09Oklahoma 
[ .0 0.55 0.33 0.93 1.0 0,72 0.64 0.60Note 

Vaues 
ndcate reatve 

poutant concentratons as fractons of the concentratonfor 

the inta tme nterva.a. Vaues based on only one 

sampe.RESIDUALSThe 
treatment and disposa of sudges is often the most difficut and costyportion 

of a water poution contro 
system. The soids generated by 

treatment 

systems 

must be carefuy considered when designingcontrol faciities. The assessment 
incudes three principa areas:. Characterzaton of the soids by 

quantty, 
concentrations, and massoading2. Sudge thckening and 3. Fina disposa 

of sudges23 



CharacterizationA 

mited amount of work has been done to investigate the properties of 
and combined sewerage treatment sudges. The poutantconcentrations 

of sampes reported by one investigation are shown in Tabe 49[36TABLE 49. 

CHARACTERISTICS 

OF SLUDGE FROM COMBINEDSEWER OVERFLO 
TREATMENT 

[35]LocatonBoston, 



Sudge Thickening and The of 

soids 
was aso studied by [3 Cost-effective sudge handing and disposa requires 

that the soids be easiythickened for digestion or for incineration or 
and disposa. Theresuts of the aboratory scae concentraton tests are given in 

Tabes 50and 5 and summarzed in Tabe 52. The resuts show that most of the 
sudgescan be concentrated by conventiona techniques.TABLE 50. THICKENING OF 
SLUDGE FROM COMBINED SEEROVERFLOW TREATMENT 

[35]Gravty 
chckenngRw sludgeBoston, ssachuset -ilud 

S overflo orebsn Wsconn 
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Final Dsposa of 
SudgeThere 

are two basic options for the disposa of sudge from stormwatertreatment 
faciities:. of 

soids to the dry-weather treatment pant using eitherthe extra capacit 
of existing sudge dsposa units or addingcapacty to handle storm 

reated oading,2. Handing of the sudge 
at 

the site of stormwater treatment faciitywith a treatment system dedicated 
soey to stormwater soids.Beedback to the Treatment 

Plant-¬It 
is common practice to transport 

storwater 

soids to the sewage treatmentpant after the storm event has subsided. This 
can be done ether for thetota fow from a hoding basin or sudges from 

treatment faciities. Thesimplest transport method is to feed the soids into 
the sanitary sewer systemor interceptor at a controed rate. The two principa 

design considerationsof a beedback system are the capacity of the deivery system 
and the abityof the treatment pant to hande the additional mass oading. The 
effect ontreatment pant capacity is iustrated in Exampe Probem 5-.The 

mechanics of sudge transport have been studied for conventiona 

sewagetreatment pants and can be appied to stormwater sudge. The soidsconcentration 
and fow veocity are the two most important parameters toconsider. 

Sudge concentrations greater than 6% become difficut andexpensive to 
pump. At low veocities the soids wi tend to sette out inthe sewers 

(potentiay restricting or cogging the ines) and may be during high fow periods 
causing sug oading at the treatmentpant. The basic fow mechanics 

principes can be used to investigateexisting sewer ines to determine if 
beedback into the sanitary sewer systemis feasible or if dedcated sudge 

main is requred.In addition to potentia overoading of a dry-weather treatment 
pant withstorm fows, it is possible that toxic 

eements 

in coud disruptbioogica processes such as secondary treatment and sudge 
digestion. Stormrunoff may contain greater concentrations of certain 

toxic substances thancommony found in domestic sewage, and the addition of 
runoff or stormwatertreatment sudge to a treatment pant may be toxic to 

thebioogcal treatment organisms It is dfficut to pinpoint the eves ofmeta 
concentrations that wi decrease bioogical activity. Metas can havecompex 

effects; bioogica organisms vary in theirsusceptibiity; and may become 
acclimated to ow metaconcentrations Severa investigators have studied meta 
inbioogica sewage treatment systems and the resuts are shown 

in Tabe 53.The concentrations shown are the eves at which reduced 
efficiency was notedin the treatent system indicated.The expected 

concentrations of metas in sudges fro combined sewagetreatment faciities 
was tabuated in reerence [36] and is reproduce asTabe 54. Comparison of Tabes 

53 and 54 indicates that the raw 

sudge may be28 



EXAMPLE PROBLEM 5-. IPACT OF TREATMENT SOLIS ON THE TREATMENT PLANTDeermne the oadng to a 

dry-weather pant from a satete treatmentfacity for a n. ranstorm and compare the oadng to 
average pant oads.Specfed Condtons. Trbutary area popuaton 50 002. Average 

fow 50 3. Average 

suspended sods concentraton 200 . 
Combned 

sewer area 5 000 acresAssumpton. Ffty 
percent 

of the ranfa over the area w run off and overfow 

to the treatment facty.2. The 
average 

suspended 

sods concentraton of the overfow 300 mg/L.3. The stormwater treatment facty wi capture 
50 of the overfow 

soids.4. The captured sods w be pumped to the dry-weather treatment facty 

headwors at a sodsconcentration of 5. The dry-weather pant operate 
satsfactory 

at an overoadng of 25% of average fow.Solution. Compute average dry-weather fow and sods 
oadngFow 50 000 peope x 

50 ga/captad7.5 7.5 Mga1/D 200 mg/L 8.34 2 500 b/d2. Compute voume of stormwater treated 
at 

the 
satete 

treatment facty.Volume .0 n. ran x 0.5 5 000 

acres 0.027 n. 66.7 3. Compute mass 
and voume 

of treatment sudge pumped to the pant.Mass 
66.7 

Mga x 300 mg/L x 8.34 ga x 0.50 capture83 00 bVoume ° 3 000 b 0.02 soids concentration 

8.34 0.50 Mga4. ComparsonFow SoldsAverage-dry weather condtons 
7.5 2 500 

b/dOverfow from n. storm .50 3 000 1bComentThe probem shows that the from a asn can be 

reduced to a manageabe fow uantty wthsatete stormwater 
treatment 

utthe sods present a serous for Thedry-weather 
pant 

coud hande the 
fow n ts 

25 buffer capacty over a perod of hours,however, the 
sods woud need more than 25 days of to be 

trated 
n 

the 
spare caacty. the n. storm s far too arge to be treated and to an exstn facity. Expanded 

treatment unts or arge storage basns would have to be avalabe.29 



potentay toxic to treatment systems but not to anaerobic digeston.The potentia 
must be examined for each instaation to determine theactua concentration of 

metas in the treatment pant effuent In mostcases, the sudge woud be 
combined with sanitary sewage that had ow metaconcentrations. The resuting 

diuted infuent woud not be toxic to thetreatment organisms. However, 
operations wi usuay take paceduring periods of ow sanitary sewage fow, when the 

avaiabe hydrauiccapacity of the treatment pant is the largest, but 
diution capacity is ow.TABLE 53. CONCENTRATIONS OF METALS REPORTED TO CAUSEREDUCED 

EFFICIENCY IN BIOLOGICAL TREATMENT SYSTEMSReference 
No. Sver Ncke Copper Chromum Znc sstems,raw 

sewage[37][38][39]002 

522 525250005-02-5Anaerobc 



Handng of the Sudge at the Ste of the Stormwater Treatment Facity-¬If it 

s necessary to mantan sudge handng facilties at treatment sites, the 
characteristics of the sudges shoud be carefuyconsidered in faciity design. 

Bascay, the sludge wi have to be and disposed of by a treatment 
system simiar to ones used formunicipa sewage sudge. The ntermittent nature 

of storm events, andconsequenty stormwater sudge, wi probaby rule 
out some common processesfor remote factes that treat ony stormwater sudges. 

Bioogica systems,such as digestion, that requre continuousy fed and other 

systems,such as incneration, that woud requre extended startup times woud not 
beused at stormwater treatment sites. Thickening, vacuum fitration, 

pressureftraton, 
and woud a be acceptabe means of voumereduction and the best 

options 
for disposa are either and fiing or andspreading, preceded by a 

heat or chemica tabiization step to decreasenuisance and heath hazard 
potenta. 

There is tte existing designexperience to indicate that any of these 

common or dsposatechniques are particuary suted to stormwater solids 
treatment.RECEIVING WATER IMPACTSThe goa of a stormwater study is 

to 
evauate the impact of andcombined sewer overfows on the recevng 

waters and decde what 

controaternatives woud be most cost effective in reducing wet weather 
pollution.An 

evauation of the way which receivng water characteristics 
areinfuenced 

by stormwater runoff is aways difficut to perform because of themasking 
effect of municpa and ndustra point sources, because runoffevents 

are both intermittent and highly variabe, and because of carryovereffects of 
stormwater deposits. The impact of a storm varies withrainfa voume, 

duration, intensity, and the antecedent condtions of thebasin.The methodoogy 
frequenty used to study the impact of on streams,akes, and estuaries s 

to 
mode the characteristics of runoff for varetyof storm condtons and nput 
the 

resuting mass oadings into a recevingwater mode. A modeing approach aows the 
investgator to study a argevarety of storm and stream condtions that probaby 

woud not occur duringthe time frame of the project. Modeing aso aows the 

study of one of themany variabe infuences whie keepng the remanng ones 
constant. Themethodoogy for modeing stormwater poutants has been presented in 

eariersections of this report. Other methods incude direct measurement 
andsimpe correatons.Obviousy, mpacts are often very ste specific and the 

extent of the probemswi depend heaviy on oca conditions such as rainfa quantties 
pontsources of polution and their treatment, and use, and the 

sensitivity of 
thereceiving 

water. Urban stormwater polution can be manifested in a number ofways 
depending 

on the specific factors of the ocaty being studied.Individua ste 
conditions wi infuence both the mass oading of poutantsand the ability of the 

receiving water to assmiate the oading. Probemsresut when oadings exceed the 
capacity of a stream or ake and131 



the use of the water 1s impaired. The casses of probems that may be causedcan 
be broady categorized as folows [t• 

Aesthetic 

deterioration and soids Either genera appearance(dirty, 
turbid, coudy) or the actua presence of specific,objectionabe 

conditons (odors, foatng debris, oi fims, scum orslmes, etc.) may 
make the receiving water unattractive or repugnantto those in its 

proximity. In addition, matter maycause the formaton of sedient 
deposits that smother bottomdweing aquatic organisms or 

restrict 
river fows contributing tofooding potentia. Excessive soids 

can also make the receivingwater an unacceptabe source for 
agricutura 

rrigation water.• Dissoved oxygen depetion - Organc 
materias 

stimuate the growthof bacteria which may consume oxygen faster than 
natura processescan repenish. This condition may or may not be 

visuay apparent.In the extreme, discooration, gas formation, and 
odors may beapparenthowever, we before this etree is reached, 

conditionssuitabe for a baanced aquatic popuation of fish and ower 
speciesin the food chain may be vioated. The presence of nitrogen 

compounds (e.g., ammonia) s in some cases a significanteement 
in 

water quaity probems reated to ow dissoved oxygeneves,• Pathogen 
Concentrations - The presence of excessve concentratonsof 

objectionabe 

microorganisms can impair the abiity to utiizethe receivng water for 
certain water suppy and recreationapurposes.• Nutrients - The 

discharge of materias whch fertiize or stimuateexcessive or 
undesirabe 

forms of aquatic growth can createsignificant probems in some receiving 
water systems. of aquatic weeds or agae can beaestheticaly 

objectionabe cause dissoved oygen problems, and 
inextreme cases, can interfere with recreationa use and create 

odorsand heavy mats of foating matera at shoreines.• problems can 
fa 

into either of twocategories: () metas/pesticides/persistent which 
mayexhibit subte, ong-term effect on the 

envronment 
in areas wereoved from the area under consideration 

by the discharge of smallquantities which graduay accumuate in 
sensitive areas, and(2) ammonia and byproducts of effuent which, 

undersome conditions, can exhibit a oca, more immediate impact.Dissolved 
Oxygen DepetionThe cassica probem reated to organic 

polution 
of receiving waters is theconsumption of oxygen by the bacteria 

breakdown of organic materia.The resuting low leves of 

oygen wi destroy sensitive 

species of fish andaquatic organisms. The organic materia (and nitrogen 
compounds)in can be important to the oxygen baance of streams.132 



studed the dissoved oxygen (DO) sag for watershed in NorthCarolina 
by anayzing severa storm types and intervas during storms.resuts of the 

study are presented n Tabe 55.TABLE 55. 
RESULTS 

OF OXYGEN SAG COMPUTATIONS FORDURHAM, NORTH 
CAROLINA [2]The typeSmaSma 

to 

2 



are probaby fauty septic tanks iega cross-connections, and contaminationby 
domestic animas. The results of some investigations are shown in Tabe 56[2, 42, 

43ASSUMPTION: 

PLU FLOW 0.4 in. RAIN;1 Oh DURTIO; 
750 IN RIVER AT CREE;POIT 

SOURCE TREATET TO MEETFISH AND WILDLIFE STANDARDS EISTNG STATE 
STANDARDS41040039038070050 



A common bacteria standard for recreationa use of water is a total coformcount 
of ess than 000 organisms per Q and a feca eve of ess than 200 organisms 

per 00 Looking at Tabe 56, itis cear that wi contaminate the receiving 
water at anoutfa and, depending on diffusion and diution, may ake adjacent 

areasunacceptabe for water contact recreation.NutrientsThe infux of 
nutrient materias nto a body of water wn 

fertiize 

andstimulate 
the weeds and agae. The function of urban runoff insupplying 

the excess nutrients to receving waters has to be examned in aneffort to 
curtai ake caton.The Lake watershed in adison, was investgated to coputethe source of nutrient oading. A 

tabuation 

of nutrent sources is gven inTabe 57.TABL 57. NUTRIENT SOURCES FOR LAKE 
[44]Source 3-N 03-N Soube Tota Precptaton 60 880 570 55 70Dry faout 230 
060 2 420 

46 240• Fow from Sprns 370 9 20 .. 66 OUrban 
runoff 

990 320 7 70 20 2 60 0.0703 The urban 

runoff is an important part of 

the mass baance especiay for 
thephosphorus 

oading. More than 80 of the 
infuent phosphorus comes fromrunoff.An 
anaysis 

of potentia 

phosphorus 

loadings on Atanta area reservors wasmade to evauate the eutrophi potentia. The Atanta data are summarized inTabe 58. The estimated oadings of 

phosphorus 

from ony urban runoff werecompared to permissibe oadng rates deveoped 
by in a wordwidestudy of akes [0Severa of the reservoirs wi be exceeding the 

permssibe phosphorus limitsand, dependng upon ntrogen and ght avaiabiity, 
wi be expected toexperience some degree of Urban runoff can be an important 

source of the metas and 
pesticides 

that canbe toxic to aquatic life. It is very difficut to isoate the 35 



impacts of toic eements from urban and very itte work has beenattempted. 
One study did quantify the amount of potentia toxins on streetsurfaces to 
hep anayze the potentia for adverse impact. A summary of thisten city study 

that anayzed the components of street soids is shown inTabe 59.TABLE 58. 
URBAN 

RUNOFF PHOSPHORUS LOADINGS COMPARED TO THEPOTENTIAL FOR LAKE 
[0]b000 3Proectedphosphorus oadngs 

oadngsReservor 

980 
2000 Permssble DangerousMorgan Fas 246 

0.448 
0.8 0.34Jackson Lake 0.85 0.257 0.05 

0.0Stone Mountan 0.046 0.063 0.04 
0.07Lake 0.0 0.80 0.03 0.06Lake 
0.002 0.004 0.05 0.09 CountyHater ntake 

0.025 0.045 0.02 0.04b/ 000 ft 
0.060 - kg/3TABLE 59, POTENTIALLY 

TOXIC ELEMENTS 

IN STREETSURFACE SOLIDS 
[]Loadng,Eement 

mChromum 0.1Copper 

0.20Znc 

0.65Ncke 0.05Mercury 0 73Lead 0.57Cadmum 
0.003Tota heav 

metas 

.6Tota 
pestcdes 420 

10~PC 00 x 
06b/curb m x 

0.289 
kg/curb 

kmAlthough 
the 

street 
surface 

oadings 
are not a precise 

measurement 
of thequantities that 

can wash off in 

a storm event, it is an 
indication 

of thereservoir of toxns availabe,36 



In his study in North Caroina, measured the concentrations of metasin sampes. 
The ranges of vaues detected for some of themetas are presented n Tabe 

60.TABLE 60. CONCENTRATINS OF 
METALS 

IN URBAN RUNOFFFROM DURHAM. NORTH CAROLINA 
[2]RangePoutant Mean Hgh LowChromum 

0.23 

0,47 

0 06Cpper 0.5 0.50 0 

0Lead 0,46 2 86 0. 0.5 0 

29 0 09Znc 0 36 4 6 

0 09Reative 
Quantities 

of Urban 
PollutantsThe 

and 
reative 

importance of urban runoff as a source ofpoution 

can be demonstrated from the work of Coston in Durham, orthCaroina [2 
His study resuted n the comparson shown n Tabe 6.TABLE 6. COMPARISON OF 

RAW MUNICIPAL WASTAND URBAN RUNOFF [2]RaPoutant muncpa wastes Urban 

runoff 027 938BOD4 685 470 sods 335 6 690 
ntrogen as ... 6Nrate 

as 7.2 

...Total 
as I 47Chromum 0 0 6Copper 0.20 

6Lead 0.08 
2.9Ncke 16 
.2Znc 

5 2.0 .2 37 



The resuts indicate that even with an acceptabe eve of treatment for themunicipa 
waste, the water quaity of the receiving stream woud be degradedby urban 

During periods of wet weather, the stream quaity iscontroed by the 
urban runoff characteristics, not municipa sewage oadings characterization 

of 
the chemica quaity of the River duringboth wet- and dry-weather periods aso 
indicates the importance of runoff onwater quaity. The resuts are tabuated 

in Tabe 62.TABLE 62. POLLUTANT CONCENTRATIONS IN 

RIVERTRIBUTARIES DURIN MET- AND DRY-EATHER CONDITIONS 
[45mg/LPoutantMurray Run Trout Run 24th StreetBODDry 

weather 

8et weather 7Tota soidsDry weather 248 

weather 623Tota 
voatesodsDry 

85et weather 
34Suspended 

sodsDry weather 

37Met weather 

89Voatesuspended 
sodsDry weather 

eathr 

2538284604739793828820945426722003724As 

shown, 
the soids and 

organic 
eves increase at east 

two-fod 

for 

periodsof 

runoff.A 

third 

study 

in 

Metropoitan Seatte also surveyed two urban creeks tocompare quaity constituents 
for dry- 

and wet-weather periods [46 Harperfound the foowng increases in 
concentration during the wet season: BOD,4 mg/L; P04, .5 to tota soids, 20 to 

30 and turbidty, 0 to30 Zinc eves increased significanty in both streams 
whie ead andcopper increases were significant in one of the streams. Athough 

the BODeves were higher durng the wet season, the dissoved oxygen 
cncentrationsin the streams did not decrease. The authors credit this fact to an 

increasedrate of stream during storm periods due to higher stream veocitiesand 
increased turbuence. The oxygen reation shows theimportance of the nature 

of the receiving water in evauating poutantimpacts. A more pacid stream or 
river may have exhibited a DO sag due to38 



the BOD oading and ess The utimate receiving water shoud asobe considered in 
a regional anaysis; in this case, the urban may havecaused some DO depletion 

near the stream mouths in Sound.In addition to the chemica 

of the Seatte creeks, the communities were studied and compared to a cean 
water creek. The resutsindicate a ower quantity of sensitive organsms and a 

poorer diversity indexin the urban streams. The inhibited nature of the benthic 
community isattributed to a combination of sedimentaton, scouring, 

and chemica from metas, oi, and grease.The high variations in fow in rban 
streams may be the most 

importantdeterrent 
to the deveopment of a stabe community The ncreasing of the 

deveoping area causes an increase in runoff voume anda faster 
stream reaction to precipitation. The base fow of a streamdecreases and storm 

peaks increase. The stream fauna cannot adapt to hghyvariabe flows, 
scour, and increased sediment.39 



SECTION 

6BEST MANAGEMENT PRACTICES FOR 
STORMWATERPOLLUTION 

CONTROLMuch 

emphass is currenty being paced on controling poution byattacking the 
probem at its source, as opposed to potentiay more costydownstream treatment 

faciities. These source contros, termed "BestManagement Practices" 
(BMP), are a practice or combination of practices thatare determined to be 

capabe of being impemented and most effective inreducing the amount of 
poution generated by a source to a evecompatibe with water quaity goas.Best 

Management Practices are cassified 

into two groups: () panning, whereefforts are directed to the contro offuture 
deveopment or redeveopment ofexisting areas, and (2) maintenance and operationa 

practices to reduce theimpact of nonpoint source contamination from 
existing deveoped areas.Successfu stormwater polution control depends on 

the effectiveimpementation of the proposed panning efforts and/or 
contro practices.Legisation or ordinances, to force or encourage with 

the intendedBMP, has been found most effectve in achieving this end. Essentia 
tosuccessfu and enforcement is a concerted effort to monitorcompiance 

with the intended egisation and educate not ony those who wibear the 
responsibiity of reguaton, but the pubic as we.PLANNINGThe concept of preventing 

and reducing the source of stormwater poution bestappies to 

deveoping 

urban areas, for these are areas where man'sencroachment is yet minima, or 
at east controabe, and drainageessentiay conforms to natura patterns 

and leves. Such ands, inconsequence, offer the greatest fexibiity 
of approach in preventingpoution. What is required, therefore, is 

to manage deveopment in such away that a regime may be retained cose 
to natural eves. It is inthese new areas where proper management can 

prevent ong-term probems.The goa of panning is to deveop a macroscopic 
management 

concept to preventthe probems resuting from short-sighted deveopment 

of individua areas.hen considering stormwater management, the panner is 
interested incontroing the voume and rate of runoff as we as the characteristics. 

The goa is to preserve the initia ecoogica baance sothat expensive 
downstream treatment faciities can be minimized. Since thesize 

of 
storm sewer networks and treatment plants is quite sensitive to the40 



fowvome 
or acosts.reducton 

n totafow, quantity, and particuary the peak a reduction n voume or a smoothing out 
of the peaks wil resut ower constructoncosts.Land Use PlanningThe 

startng 

pont of and use 

panning is the knowedge that trationaurbanization upsets the natura hydro 

and baance of awatershed. The degree of upset, and whether t is 
beneficia or detrimenta,depends on the mix, location, and distribution of the 

proposed and useactivities. As man an area. the recevng waters are degraded 
by from his actvities Effective panning requires that mits be put onthe 

stream degradation and that the quantitatve effects of deveopmentoptions be 
evauated to wegh ther merts and decide what restrictions shoudbe paced 
on the residuas emitted from each site.Computer simuation an mportant panning 

too for examinng theinteracting poutant sources 

n a watershed. By modeing the runoff processfor urbanizing areas a 
panner can predict the effects of proposed pans andthe abiity of controls to 

sove potentia probems. The receving watersystem and pont sources of poution 
shoud be incuded in the evauation tounderstand the relative importance 

of 
urban runoff. Severa existing odesthat can be used to examine the runoff 

process have been descrbed in Sec¬tion 4. ater quaity criteria standards can 

be recommended after investi¬gating the sources of polution and the abiity 

of the receiving water toabsorb oadings.Having set goas for the watershed, 
the panning agency has two chocesfor achieving the water quaity 

standards. 
Either the 

ndividua sites can forced to compy with individua practices and performance 
standards that ftinto the master pan, or the basn system can be designed and 

antaned as apubic utiity. The decision on how to bend the options to meet 
specificsite conditons is the key to impementing basin pan. Isoated deveopmenttracts 

can be controed by requiring deveopers to folow specifc sourcecontro 
practces, or simpe set of performance standards can be appied andthe choice 

of practices can be eft up to the deveoper. For exampe, theagency can 
requre that the runoff from the deveoped site must not exceed intensity. The 

deveoper w have to minimize runoffproducing areas and provide detention 
faciities at the ste.When deaing with individua or sma-scae construction n an 

urbanzngarea, a pubic utiity must ensure that contro panning 
isimpemented. The utiity needs the power to acquire land to 

preserve 

natura and infitration areas before deveopent overruns the best 
stes.Deaing 

with the sma-scale deveopment is difficut politica probem 
whenstressing contros. Pans must be deveoped, and specific sitesmust be set asde 

for etention ponds, and beforeurbanization begins. This invoves buying the 
land or inverse condemnationbefore the tax base has been deveoped to pay for 

t.Panners aso must consider the effects of their actions on areas outside 
theindvidua watershed. For exampe detaining storm fow in a downstream14 



watershed whie it remains unreguated upstream can cause higher food evesin the 
rver than competey unreguated system.Use of 

Natura 
Drainage FeaturesThe 

traditiona 

urbanization process upsets the existing water baance of aste by 
repacing 

natura infitraton areas with roadways, parking ots,roofs and other 
impervious areas. The increased quantity of is carriedaway in concrete cuverts 

or compacted earth channes instead of in naturachannes and grassy The net 
impact is increased runoff, decreasedinfitration to the and ncreased The 

increased fowveocities wi mean increased channe erosion and the transport of 
surfacemateria to receiving waters. Athough most of the surface materia 

isnatura and harmess on the land, it wi become a water poutantcontributing 
to stream degradation. If the natura drainage features can 

bepreserved 
ncreases wi be minmized and poution oads contained.The key to 

preserving 
a natura drainage system for an urbanizing area isunderstanding the 

water 

baance and designing to minimizeinterference with the system. The sois 
and hydroogy of the ste must bestudied so that high-density, highly 

impervious constructon such as shoppngcenters and industria complees, is 
ocated in areas with naturay ownfitration potenta, and the best recharge areas are 

preserved as open,undisturbed space in parks and woodlands, Runoff from 
deveoped areas shoudbe directed to the recharge areas and detained to 

make the best use of theful infitration potentia. Any necessary drainage channes 
shoud bemodeed on the natura swaes of the undeveoped site. The broad, 

grassyswaes wi sow down the runoff and maximize infitration. The drainage 
pancan incude variabe depth detention ponds that wi rise during a 

runoffevent and return to a base eve during dry weather.Reaizing that the goa of 
the design is maximizing infitration-recharge andminimizng runoff, the 

panner shoud be abe to incorporate the foowingtechniques 

into the site pan:• Roof eaders shoud discharge to pervious areas or seepage 
pits.• As much area as possibe shoud be eft in a natura undisturbedstate. 
Earthwork and construction 

traffc compact the soi anddecrease infitration.• Steep sopes shoud 

be avoided. They wi contribute to erosion andessen recharge.• 
Large expanses of impervious area shoud be avoided. Parking otscan 

be buit in smaer 
units 

and drained to pervious areas.• No deveopment shoud be permitted 
in food pains.An 

interesting technoogica answer to the probem of preserving pervious 
areais the possibiity of using an open graded concrete as 

paving42 



materia. Experiments have shown that it wi serve as a porous pavement,aowing 
as much as 64 (25 of to infitrate through thepavement [Preiminary 

investigatons have 

shown promise that it can withstand stabiity,durabity, and tests, and that it 
is comparabe in cost toconventiona paving with dranage. Long-term tests 

wi have to be made ofits resstance to cogging and the effects on the 
quaity 

of water thatfters through the pavement. If the soi under the pavement 
and base is freedraining, the rainwater wi inftrate quicky into the ground; 

however,porous pavement can aso serve as a ponding device if storm 
quantities exceedsoi capacty. The porous nature of the pavement permits water to 

be storedn the pavement. A pavement with a 10 cm (4 in. surface course and 
5 cm(6 in base course coud store 6.1 cm (2.4 in.) of in its voids. 

Theproven use of porous pavement can be an mportant too in preserving 
naturaldrainage.If 

natura drainage techniques are developed at a ste, the resultng 
systemshoud 

provide a water baance cosey approximating the conditions. The site wi be ess 
densey populated than most panned areas;however, the panner w have a 

communty that shoud be more desirabe toive in. In addtion, it has been 
estimated 

that a natura dranage systemcosts about $500 less per hectare (600 ess 
per acre than a conventonasystem [2Erosion ControsThe contro of erosion 

fro constructon and developing sites w have amajor impact on the tota poution 
oads 

imposed 

on receiving 

waters.Current estmates indicate that approximatey 3900 (500 m2) of 
theUnted States s urbanied annualy. A of ths and is exposed toaccelerated 

erosion.From a knowedge of erosion and the guideines that have bee. 
writtenconcerning eroson control, severa basic princpes for contro of 

erosionare apparent:• 

Reduce the area and duration of so exposure.• Protect the soi wth 
much 

and vegetative cover.• Reduce the rate and voume of runoff by increasing 

infiltrationrates 

and surface storage and by planned dverson 

of excess runoff.• Diminish runoff velocity with 

panned engineerng works.• Protect and modify dranage ways to 
withstand 

concentrated runoffresutng from paved areas.43 


